The annual 29 000 km long migration of the bar-tailed godwit, Limosa lapponica baueri, around the Pacific Ocean traverses what is arguably the most complex and seasonally structured atmospheric setting on Earth. Faced with marked variation in wind regimes and storm conditions across oceanic migration corridors, individuals must make critical decisions about when and where to fly during nonstop flights of a week's duration or longer. At a minimum, their decisions will affect wind profitability and thus reduce energetic costs of migration; in the extreme, poor decisions or unpredictable weather events will risk survival. We used satellite telemetry to track the annual migration of 24 bar-tailed godwits and analysed their flight performance relative to wind conditions during three major migration legs between nonbreeding grounds in New Zealand and breeding grounds in Alaska. Because flight altitudes of birds en route were unknown, we modelled flight efficiency at six geopotential heights across each migratory segment. Birds selected departure dates when atmospheric conditions conferred the greatest wind assistance both at departure and throughout their flights. This behaviour suggests that there exists a cognitive mechanism, heretofore unknown among migratory birds, that allows godwits to assess changes in weather conditions that are linked (i.e. teleconnected) across widely separated atmospheric regions. Godwits also showed adaptive flexibility in their response not only to cues related to seasonal changes in macrometeorology, such as spatial shifting of storm tracks and temporal periods of cyclogenesis, but also to cues associated with stochastic events, especially at departure sites. Godwits showed limits to their response behaviours, however, especially relative to rapidly developing stochastic events while en route. We found that flight efficiency depended significantly upon altitude and hypothesize that godwits exhibit further adaptive flexibility by varying flight altitude en route to optimize flight efficiency.
bar-tailed godwit cognition endurance migration flight performance Limosa lapponica optimal altitude satellite telemetry wind selectivity
The annual 29 000 km long migration of the bar-tailed godwit, Limosa lapponica baueri, around the Pacific Ocean traverses what is arguably the most complex and seasonally structured atmospheric setting on Earth. Faced with marked variation in wind regimes and storm conditions across oceanic migration corridors, individuals must make critical decisions about when and where to fly during nonstop flights of a week's duration or longer. At a minimum, their decisions will affect wind profitability and thus reduce energetic costs of migration; in the extreme, poor decisions or unpredictable weather events will risk survival. We used satellite telemetry to track the annual migration of 24 bar-tailed godwits and analysed their flight performance relative to wind conditions during three major migration legs between nonbreeding grounds in New Zealand and breeding grounds in Alaska. Because flight altitudes of birds en route were unknown, we modelled flight efficiency at six geopotential heights across each migratory segment. Birds selected departure dates when atmospheric conditions conferred the greatest wind assistance both at departure and throughout their flights. This behaviour suggests that there exists a cognitive mechanism, heretofore unknown among migratory birds, that allows godwits to assess changes in weather conditions that are linked (i.e. teleconnected) across widely separated atmospheric regions. Godwits also showed adaptive flexibility in their response not only to cues related to seasonal changes in macrometeorology, such as spatial shifting of storm tracks and temporal periods of cyclogenesis, but also to cues associated with stochastic events, especially at departure sites. Godwits showed limits to their response behaviours, however, especially relative to rapidly developing stochastic events while en route. We found that flight efficiency depended significantly upon altitude and hypothesize that godwits exhibit further adaptive flexibility by varying flight altitude en route to optimize flight efficiency.
The Association for the Study of Animal Behaviour. Published by Elsevier Ltd.
Wind has received more attention and is more integral to optimal migration theory for winged organisms than any other aspect of movement ecology (Alerstam, 1979 (Alerstam, , 2011 Alerstam & Hedenström, 1998; Chapman et al., 2010; Felicísimo, Muñoz, & Gonzáles-Solis, 2008; Gauthreaux, Michi, & Besler, 2005; Liechti, 2006; Liechti & Bruderer, 1998) . Because air can move as fast as or faster than most winged organisms, strong selection pressure should favour strategies that undertake migration under advantageous atmospheric conditions (Åkesson & Hedenström, 2000; Alerstam, 1979 Alerstam, , 2011 Liechti, 2006; Mellone, López-López, Limiñana, & Urios, 2011; Shamoun-Baranes, Bouten, & van Loon, 2010; Shamoun-Baranes & van Gasteren, 2011; Shamoun-Baranes, Leyrer, et al., 2010; Williams & Williams, 1990) . The foundation of wind selection and optimal migration theory is rooted in case histories of mostly landbird species that alternate bouts of migration with stopovers to refuel as they move long distances across the landscape (Rappole, 2013) . Similar migration strategies are commonly used by waterbird species with aquatic stopovers (e.g. Felicísimo et al., 2008) . Sometimes terrestrial migrants make incorrect assessments of synoptic-scale winds at departure or en route that create shortcomings in their travel energy budgets (Drent, 2006; citations in Newton, 2008; Richardson, 1977 Richardson, , 1990 Shamoun-Baranes & van 
